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摘 要 
谐波齿轮减速器是一种传动精度高、减速比大并能够在密闭空间传动的齿轮
传动机构，应用领域广泛，尤其在航空航天领域有不可替代的优势。常用的渐开
线齿廓齿根处会出现应力集中以及齿顶产生尖点啮合现象，影响其承载性能和啮
合质量。双圆弧齿形谐波齿轮以其良好的承载能力与啮合性能逐渐成为研究热
点，本文根据谐波齿轮设计理论设计了双圆弧谐波齿轮装置，并对其结构性能、
接触特性以及动力学等方面的分析，探索相关规律，为后续在结构优化、增强啮
合性能提供了一定的理论依据。 
论文主要包括以下几方面内容： 
1. 基于齿轮啮合原理和柔轮弹性变形过程的分析设计双圆弧谐波齿轮。根
据双圆弧齿廓谐波齿轮的运动关系，将柔轮的弹性变形过程融入共轭运动包络刚
轮齿廓，利用数值计算方法对刚轮齿廓进行拟合得到适合的齿廓曲线，确定谐波
齿轮的结构参数，建立双圆弧谐波齿轮模型。 
2. 对双圆弧谐波齿轮柔轮变形和应力进行分析。对波发生器装配进柔轮的
过程以及不同载荷下柔轮与刚轮的啮合过程进行了动态仿真，得到柔轮变形与应
力分布规律。对装配后柔轮的变形情况分析，并对比理论计算结果；对空载啮合
过程中不同时刻的柔轮变形、柔轮轮齿应力、杯体应力进行分析，得出关于柔轮
变形及应力分布的相关结论。 
3. 对啮合的轮齿接触状态进行分析。讨论了在啮合过程中柔轮轮齿接触力
分布情况。分析了柔轮的负载对谐波齿轮接触力分布的影响。对于啮合过程中柔
轮杯体的扭转变形进行了分析，讨论了杯体扭转与接触力分布之间的相关性。 
4. 对双圆弧谐波齿轮模型进行动力学分析和模态分析。建立了谐波齿轮传
动误差动力学模型，结果与仿真结果相符。讨论了不同输入转速对传动误差的影
响。比较了传动误差与杯体扭转角度。推导了柔轮的自由振动频率，通过有限元
模态分析得到了柔轮的前六阶模态，对比理论结果与仿真结果有相同的趋势。 
 
关键词：谐波齿轮；双圆弧；啮合传动；动力学；有限元分析 
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Abstract 
The harmonic drive(HD) reducer is a gear mechanism of high precision, large 
transmission ratio, the ability to work in a closed space. It has been used in various 
regions, especially in aeronautics and astronautics. The double arc tooth profile 
harmonic drive is becoming a hot area of research for its advantage in torsional 
stiffness and meshing performance. The paper designed a set of double arc tooth 
profile harmonic drive based on the designing theory of HD and conducted a 
comprehensive analysis of the structural characteristics, contact property and dynamic 
performance. The research has proposed theory basis for the structural optimization 
and meshing improvement. 
The main contents of the paper are shown as follows: 
1. Designing the double arc HD based on the meshing theory and the analysis of 
the flexspline(FS) deformation. According to the kinematic relationship, the FS 
deformation was transferred into part of the conjugate movement to envelop the tooth 
profile of circular spline(CS). The appropriate CS tooth profile was fit by numerical 
computation method. The structural parameters were settled and the three-dimension 
model was built. 
2. Analyzing the deformation and stress of the flexspline(FS) of HD. The finite 
element model was built and the simulation of assembling and meshing was carried 
out. The condition of deformation and stress was attained. The deformation of FS 
after assembling simulation was analyzed and compared with theoretical calculation. 
The simulation results of FS deformation, the stress of meshing gear teeth and FS cup 
at different time of meshing were compared. Several conclusions about the 
deformation and stress of FS were made. 
3. Analyzing the contact status of the meshing gear teeth. The contact force 
distribution in meshing simulation was discussed. The effect of loads on contact force 
distribution was discussed. The correlation between the torsion of FS cup and contact 
force distribution was discovered.  
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4. Analyzing the dynamics of the kinematic error and the modal of FS. The 
dynamic model of kinematic error was built and the calculation of it was in agreement 
with simulation results. The effect of input speed on the kinematic error was discussed. 
The torsional angle of FS cup and kinematic error was compared. The first six-order 
natural frequencies of free vibration were deduced and in the same trend as simulation 
results. 
Key words: Harmonic drive(HD); Double arc; Meshing transmission; Dynamics; 
Finite element analysis 
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